Although the technology of endovascular aortic repair (EVAR) for abdominal aortic aneurysm (AAA) is evolving that make it appealing for challenging anatomy, proximal aortic neck morphology, especially severe angulation, is still one of the most determinants for a successful procedure. We describe a patient of AAA with severely angulated proximal neck, in whom kinked stent graft limb occurred against severe angulation of proximal neck. Then, we suggested how to prevent this complication in the second patient. Our case demonstrated the stent graft limb could be kinked by severe aortic neck angulation, making it challenging. However, the kinked stent graft limb could be prevented by deploying stent graft limbs below the most severely angulated aortic neck intentionally.
Introduction
Although the technology of endovascular aortic repair (EVAR) for abdominal aortic aneurysm (AAA) is evolving that make it appealing for challenging anatomy, proximal aortic neck morphology, especially severe angulation, is still one of the most determinants for a successful procedure. We describe a patient of AAA with severely angulated proximal neck, in whom kinked stent graft limb occurred against severe angulation of proximal neck during the EVAR. Then, we suggested how to prevent this complication in the second patient.
Case 1
An 87-year-old male patient presented with both leg edema. He had a history of hypertension, angina pectoris, and atrial fibrillation. Seven years ago, AAA had been incidentally found with a diameter of 43 mm and right internal iliac artery aneurysm (38 mm) had been treated with embolization using an Amplatzer Vascular Plug (St. Jude Medical, Plymouth, MN, USA). Then, he did not receive outpatient follow-up. At this time, AAA significantly increased to 75 mm in a diameter with a severely angulated proximal neck and concomitant aneurysm of both common iliac arteries at abdominal computed tomography (CT) (Figs. 1A and 1B) . The angle between proximal neck and aneurysm was about 110°. For EVAR, the bifurcated stent graft (Endurant IIs, Medtronic Vascular, Santa Rosa, CA, USA) was deployed through the right common femoral artery. Then, we tried a cannulation of the contralateral limb of the bifurcated stent graft with 0.035-inch hydrophilic guidewire (Terumo, Tokyo, Japan) via the left common femoral artery. However, the contralateral limb was completely kinked by ipsilateral limb due to severe angulation of doi: 10.5761/atcs.cr.17-00072 acute cerebral infarction. He had a history of hypertension, diabetes mellitus, and angina pectoris. Abdominal CT angiography showed an AAA (67 mm in a diameter) with mural thrombus and concomitant aneurysm of both common iliac arteries ( Figs. 2A and 2B) . The proximal neck of the AAA was long and severely angulated in two parts, the mid-portion of proximal neck and the junction between proximal neck and aneurysmal sac.
From the lesson of the first case, the bifurcated portion of stent graft (Gore Excluder, WL Gore and Associates, Flagstaff, AZ, USA) (Fig. 2C, arrow) was intentionally deployed below the most angulated level (Fig. 2C , dotted line) of the mid-portion of proximal neck, which prevented kinking any limbs of the bifurcated stent grafts. Then, we implanted additionally a proximal aortic extender (28.5 × 33 mm) for proximal sealing just below left renal artery (the lowest renal artery) (Fig. 2D, arrow) . Both iliac limb extensions were placed to both common iliac arteries in a conventional manner. However, type III endoleak was noted at the junction between the proximal aortic extender and the bifurcated stent graft. So, an additional aortic extender proximal neck and the guidewire could not be passed easily (Fig. 1C, arrow) . After several attempts of wiring and manipulation of the knob of the bifurcated stent graft, we could pass the guidewire barely and changed the soft guidewire to extra stiff guidewire (Lunderquist, Cook Inc., Bloomington, IN, USA). Then, the kinked contralateral limb was dilated using an 8 × 40 mm balloon catheter and a balloon expandable stent (Palmaz GENESIS, Cordis, Warren, NJ, USA), manually mounted on a 12-mm diameter balloon, was implanted at the kinked contralateral limb (Fig. 1D, dotted line) . The both iliac limb extension were placed to both common iliac arteries. Final aortography showed complete exclusion of aneurysm and patent stent grafts without kinking (Fig. 1E) . After 2 months of the procedure, follow-up CT angiography demonstrated good patency of stent grafts without kinking of both limbs (Fig. 1F) .
Case 2
Another 87-year-old male patient with a known AAA presented with dysarthria, which was diagnosed with 
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with larger diameter (32 × 45 mm) was implanted at the overlapping part of the proximal neck (Fig. 2E, arrow) . Final aortography showed complete exclusion of aneurysm without any endoleak or kinked stent graft limb (Fig. 2F) . After 1 month of the procedure, follow-up CT angiography demonstrated good patency of stent grafts without graft limb kinking and occlusion.
Discussion
Although EVAR is an established alternative to open repair for AAA, 1) an unfavorable aortic morphology is considered a major limiting factor for the successful procedure. Proximal aortic neck anatomy, especially severe angulation of proximal neck often complicates the procedure such as difficulties to easy access, accurate deployment, and proper fixation. Furthermore, the risks for late device-related complication including proximal type I endoleak or stent graft migration increase in patients with severe aortic neck angulation (>60°). 2, 3) We also reported a case with kinked and thrombotic occlusion of the bifurcated stent graft limb due to severe angulation of aortic neck at 7 months after the EVAR. 4) In the first case, severely kinked stent graft limb at the side of lesser curvature of severe neck angulation occurred during the procedure, resulting in considerable technical difficulties. Before the procedure, we planned to implant both limbs of stent graft placed anteriorposterior relationship instead of side-by-side relationship to prevent kinking of stent graft. However, the direction of both limbs of stent graft could not be controlled by rotating the delivery system due to severe aortoiliac tortuosity. Although the technology of stent graft system is evolving to have highly conformable and kink-resistant features, commercially available devices are still limited for challenging anatomies, especially aortic neck angulation >60°. 5) In the second case, the mid-portion of proximal neck was more severely angulated than the junction between proximal neck and aneurysmal sac unlike in the first case. And the axial section of this part was elliptical (anterior-posterior diameter, 31 mm; transverse diameter, 23 mm), which might be prone to kink the limb of stent graft. Thus, we intentionally placed the each limb of bifurcated stent graft below the level of most severe angulation and added the proximal aortic extenders. Finally, kinked stent graft limb could be avoided by this approach. Although short-term outcomes of these cases were good, careful follow-up for late changes is mandatory.
Conclusion
Our cases demonstrated the stent graft limb could be kinked by severe aortic neck angulation during the procedure, making it challenging. Therefore, the expected location of each limb after stent graft deployment should be considered in patients with severe aortic neck angulation. The kinked stent graft limb could be prevented by deploying stent graft limbs below the most severely angulated aortic neck intentionally.
All procedures performed in our patients were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards.
Informed consent was obtained from our patients.
